Background and aim: There are limited evidence based data concerning the use of azathioprine in ulcerative colitis. We aimed to compare the efficacy of azathioprine and oral 5-aminosalicylic acid in inducing remission of steroid dependent ulcerative colitis. Methods: Seventy two patients with steroid dependent ulcerative colitis were admitted to this investigatorblind study. Steroid dependence was defined as a requirement for steroid therapy >10 mg/day during the preceding six months, with at least two attempts to discontinue the medication. The disease had to be clinically and endoscopically active at study entry, and all patients were taking systemic prednisolone (40 mg/day). Patients were randomised to receive azathioprine 2 mg/kg/day or oral 5-aminosalicylic acid 3.2 g/day, for a six month follow up period. The outcome of the treatment was defined as (1) success, indicating induction of clinical and endoscopic remission and steroid discontinuation, or (2) failure, indicating the absence of clinical and endoscopic remission and therefore the need for at least one further cycle of systemic steroids to control symptoms, apart from the initial one, or colectomy. Results: Significantly more patients in the azathioprine than in the 5-aminosalicylic acid group had clinical and endoscopic remission, and discontinued steroid therapy, both in the intention to treat (azathioprine v 5-aminosalicylic acid: 19/36 patients (53%) v 7/36 (21%); odds ratio (OR) 4.78 (95% confidence interval (CI) 1.57-14.5)) and per protocol (azathioprine v 5-aminosalicylic acid: 19/33 patients (58%) v 7/34 (21%); OR 5.26 (95% CI 1.59-18.1)) analysis. Conclusions: Azathioprine is significantly more effective than 5-aminosalicylic acid in inducing clinical and endoscopic remission and avoiding steroid requirement in the treatment of steroid dependent ulcerative colitis.
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Two uncontrolled studies, 6 7 not yet published in full, have shown that high oral doses of 5-aminosalicylic acid (5-ASA) (from 2.4 to 4.4 g/daily) can be effective as adjunctive treatment in patients with chronic active steroid dependent UC, reducing or eliminating the need for prednisone in 50% of patients. However, no controlled trials at present have thus far evaluated the efficacy of 5-ASA for treatment of this group of UC patients.
Given the abnormalities of immune response in the inflamed intestine, immunomodulatory agents such as azathioprine (AZA), 6-mercaptopurine (6-MP), ciclosporin, and methotrexate have been used in selected patients in whom response to steroids was inadequate or when a steroid sparing effect was desired. However, while ciclosporin has been shown to be effective in the treatment of severe refractory UC, [8] [9] [10] the therapeutic role of the remaining immunosuppressive agents is not yet conclusively established. As far as infliximab is concerned, the available data are conflicting, [11] [12] [13] [14] [15] [16] and the results of large, randomised, controlled trials are soon expected.
Considerable experience with the use of AZA and 6-MP in the treatment of IBD has been accumulated since their first use in the 60s. 17 18 However, whereas in Crohn's disease there is evidence that these purine analogues promote both induction and maintenance of remission, 19 20 the efficacy of AZA and 6-MP in UC is still controversial. Several open studies have shown that AZA or 6-MP can be effective in the treatment of patients with UC 21-26 but controlled trials have produced conflicting results. [27] [28] [29] [30] [31] [32] [33] Therefore, we designed a prospective, randomised, controlled study to compare the efficacy and safety of AZA and 5-ASA in inducing remission in steroid dependent UC patients.
METHODS
A randomised, prospective, investigator-blind, controlled trial, with a parallel group design, comparing the efficacy of AZA (Azatioprina Wellcome; Wellcome Foundation, Italy) with that of 5-ASA (Asacol; Bracco SpA, Milan, Italy) in the treatment of steroid dependent UC, was carried out at the ''L Sacco'' University Hospital in Milan, Italy, by medical staff of the gastrointestinal unit, a medical tertiary care centre for the treatment of inflammatory bowel disease.
The study protocol was defined in accordance with the declaration of Helsinki and was approved by the ethics committee of the hospital. Patients gave written informed consent before entering the study.
Patients
The study population comprised steroid dependent UC patients attending our gastrointestinal unit. To be eligible for the study, patients had to have UC diagnosed by routine clinical, radiographic, endoscopic, and pathological criteria. Steroid dependence was defined as a requirement for a daily dosage of no less than 10 mg of prednisolone and impossibility of weaning the patient off steroid without clinical relapses (two attempts to discontinue the medication within the preceding six months of the start of the study).
At entry, all patients had to have clinically and endoscopically active UC, with a Powell-Tuck index of > 8 and a Baron index of > 2, respectively (see below).
Exclusion criteria included contraindications to the use of 5-ASA or AZA, patients with pre-existing hepatic disease, renal dysfunction, clinically important lung disease, systemic infection, pregnancy, or desire to become pregnant within the next 24 months, breast feeding, history of cancer, hypersensitivity to mesalamine or AZA, erythrocyte macrocytosis, previous use of immunosuppressive drugs and refractoriness to 5-ASA, cytomegalovirus and other infective causes of colitis, and history of steroid resistance, hypertension, glaucoma, diabetes mellitus, and osteoporosis.
On inclusion in the study, age, sex, body weight, smoking habit, disease behaviour, site and duration, UC treatment during the six months prior to inclusion in the study, and mean daily dosage of steroids in the last six months preceding inclusion in the study were recorded for each patient. Previous treatment with oral 5-ASA had to be discontinued at least six months before entry into the trial, and/or topical aminosalicylates, topical corticosteroid, and any other UC specific treatment, except systemic corticosteroids, had to be discontinued at least 15 days before entry into the trial.
Treatment regimens
Patients who fulfilled the entry/exclusion criteria and who agreed to enter the trial were randomised to receive either AZA or oral 5-ASA by a computer generated list. Randomisation was performed in blocks of 10. AZA was given at a dose of 2 mg/kg/day while 5-ASA was administered at a dose of 3.2 g per day, divided into three doses (0.8 g at breakfast and at lunch and 1.6 g at dinner).
Simultaneously, all patients received a standard course of prednisolone treatment at the beginning of the trial. A uniform dose was given to control the effects of a primary determinant of disease activity and to provide a common starting point from which to evaluate differences in steroid use between the two groups. The initial dose was 40 mg prednisolone daily for two weeks, then 30 and 20 mg daily, respectively, for the following two and four weeks. After eight weeks, prednisolone was tapered by 5 mg each week until withdrawal if the patient's condition had remained stable or improved. In those patients whose condition worsened, with the occurrence of diarrhoea with blood in the motions, prednisolone dosage was increased to a maximum daily dose of 40 mg. After this dose increase, prednisolone was again tapered as described above.
Concomitant use of the following drugs was not allowed during the trial: topical corticosteroids, other immunosuppressive drugs, sulphasalazine, antibiotics (for a cumulative duration of more than 10 days), non-steroidal anti-inflammatory drugs, and other aminosalicylates. Symptomatic treatment with antacids, antidiarrhoeal, or spasmolytic agents was allowed but had to be scrupulously recorded.
Patients were also requested to precisely record any other concomitant medication in their diary.
Compliance with treatment was evaluated by a simple questionnaire in which adverse events were also recorded.
Study design and follow-up
Patients and the Head of the Gastrointestinal Unit (GBP), who supervised the randomisation, were aware of the treatment. The principal investigator (SA), who was blinded to treatment assignment, evaluated the clinical and endoscopic efficacy of treatment at each scheduled control and at the end of the study.
The study lasted six months. Patients were clinically evaluated at baseline and every month until the end of the study, while an endoscopic examination was performed at the beginning and after three and six months of therapy. Patients were also evaluated throughout the study period whenever they had a medical problem. Clinical activity was evaluated by a modified Powell-Tuck index (table 1) . 34 This index includes both clinical and endoscopic items. However, in order to monitor endoscopic activity more closely during the study, we scored it separately using the endoscopic index described by Baron and colleagues 35 (0 = normal mucosa; 1 = granular or oedematous with loss of vascular pattern; 2 = bleeding to light touch; 3 = spontaneous bleeding ahead of the instrument), considering scores of 0 and 1 as endoscopic remission. The physician global assessment (PGA) (1 = very much improved, 2 Total 2 = much improved, 3 = minimally improved, 4 = non change, 5 = minimally worse, 6 = much worse) was applied at baseline and after three and six months of therapy.
At each visit, the patient's weight, pulse rate, blood pressure, and body temperature were measured. Patients were asked about symptoms, and scores on the Powell-Tuck index were calculated. The abdomen was palpated and any systemic manifestations of the disease or its treatment were noted. Data on the use of prednisolone were obtained. Blood was taken for full blood count; serum urea, creatinine, electrolytes, serum amylase, and liver function tests were assessed. Urinary protein and glucose levels were also evaluated. Considering the myelo-and hepatotoxicity of AZA, patients receiving this drug were regularly assessed by total blood count and serum transaminases (every three days for the first two weeks, once weekly for the following two weeks, and once a month thereafter for the entire duration of the study) in order to monitor any myelo-and hepatotoxicity of the treatment. The Baron index was computed at each scheduled endoscopic examination.
Patients could be withdrawn from the study for any of the following reasons: non-compliance, severe protracted infection, repeatedly abnormal liver function tests, persistent leucopenia (,3800/mm 3 ), thrombocytopenia (,100,000/ mm 3 ), serum aminotransferase increased to three times the upper limit of normal, marked worsening of symptoms, unacceptable side effects, imminent surgery, or patient's request. Patients who discontinued their medication because of adverse events, reactions, or treatment failure were followed in the same way as those who continued to receive therapy.
Evaluation of safety
Safety was assessed in terms of incidence of adverse events and changes in vital signs and routine laboratory tests. Patients were monitored for adverse events at each scheduled visit.
Outcome measures
The outcome of the treatment was defined as (1) success, meaning induction of clinical and endoscopic remission and steroid discontinuation or (2) failure, indicating the persistence of symptoms of active disease with a Baron index >2, and therefore the need for at least one further cycle of systemic steroids to control symptoms, or colectomy, at end of the study. This was considered as the primary outcome parameter for determination of drug efficacy. Clinical remission was defined as absence of symptoms of active disease with a Powell-Tuck index of 0 and endoscopic remission as a Baron index of 0 or 1.
The following secondary outcome measures were considered: (1) change in mean scores on the Powell-Tuck index;
(2) change in mean scores on the Baron index; and (3) change in mean values of the PGA.
Outcome measures were analysed in all randomised patients who had taken at least one dose of the study medication (intention to treat population) as well as in patients adhering to the protocol (per protocol population). The following events were considered protocol violations: failure to return for a follow up visit within two weeks of the scheduled date, lack of compliance (intake of ,80% of pills), study medication discontinued for a period longer than three weeks, and use of prohibited concomitant medications.
Statistical analysis

Sample size
Our previous survey had shown a probability of remission and discontinuation of systemic steroid of approximately 70% for patients with steroid dependent UC under AZA. 25 To show a decrease in remission rate from 70% to 35% in those patients taking 5-ASA with a power of 0.8 (two tailed a = 0.05), 72 patients were required.
Analysis of data
Homogeneity of the two treatment groups was compared using the Wilcoxon rank sum test for continuous variables and Fisher's exact test for discrete variables. Distribution of individual characteristics was evaluated by simple descriptive statistics.
For efficacy analysis, both intention to treat and per protocol analyses were performed. In the intention to treat analysis, all randomised patients who received at least one dose of the study drug and underwent the baseline evaluation were considered for analysis. All patients who completed the study were included in the per protocol analysis. The proportions of patients with therapeutic success or failure in the two study groups were compared using Fisher's exact test. Failure risk was estimated using odds ratios (OR) and the corresponding 95% confidence intervals (CI) were calculated from unconditional logistic regression model including age and sex. The mean values on the Powell-Tuck and Baron indices and mean values of PGA were evaluated by the Wilcoxon matched pairs signed ranks test for comparison across the single time and between treatments, respectively. All randomised patients who received at least one dose of the study medication and were subjected to the baseline assessment were included. If the score at an assessment time was missing, the last available post-treatment observation was used for the missing assessment point.
Comparisons between treatments were made using two way analyses of variance for repeated measures, with drug treatment as one independent variable and time or occasion as the repeated measures second factor. Two adjustments of F value, proposed by Greenhouse-Geisser and Huynh-Feldt, were used to correct observed significance levels if the test of sphericity of the covariance matrix across the between subjects effects was rejected. Withdrawal from the study was considered as a treatment failure.
The proportion of patients who withdrew from therapy due to adverse reactions, in the two groups, was compared using Fisher's exact test.
All statistical tests were two tailed using a 0.05 level of significance
RESULTS
Patients
Patient recruitment began in September 1997 and was completed in April 2000. A total of 108 were screened for the study. Of these, 26 patients were not enrolled because they did not fulfil inclusion criteria and 10 patients refused to take part in the study. Thus 72 patients (67% of the eligible population; 27 males, 35 females, mean age 44.16 years (range 18-72)) were randomised, 36 to AZA and 36 to 5-ASA. (fig 1) .
The pretrial characteristics of the two groups are shown in table 2. No significant difference was observed between the two treatment groups for age, sex, duration of disease, extent and duration of disease, family history, or pretrial treatment, although patients on 5-ASA had a greater pretrial cumulative steroid use (p = 0.09). Sixteen out of 36 (44%) and 14 out of 36 (39%) patients treated with AZA and 5-ASA, respectively, discontinued local therapy prior to study entry.
A total of three patients (one on AZA and two on 5-ASA) were lost to follow up while two patients on AZA discontinued treatment due to adverse events. No patients were lost on account of treatment failure, in either the AZA or 5-ASA group.
Efficacy
Primary outcome parameter
Significantly more patients treated with AZA had clinical and endoscopic remission, and discontinued steroid therapy, in comparison with the 5-ASA group. In particular, in the intention to treat analysis, 19/36 patients (53%) had therapeutic success in the AZA group compared with 7/36 (19%) in the 5-ASA group (p = 0.006, OR 4.78 (95% CI for the intention to treat and per protocol analyses, respectively. Four patients in the AZA and three in the 5-ASA treatment groups underwent colectomy during the study.
Secondary outcome measures
The mean values of the Powell-Tuck index, Baron index, and PGA at baseline and after three and six months of treatment, according to intention to treat, are shown in table 4. At each time point, differences between treatment are presented. In particular, the Powell-Tuck index decreased from baseline to six months by 84% and 69% (p value = 0.009), the Baron index by 51% and 18% (p = 0.0001), and PGA by 48% and 19% (p = 0.004) in the AZA and 5-ASA groups, respectively. Table 4 also show the results from analysis of variance for repeated measures. According to the intention to treat analysis, the Powell-Tuck index showed no statistically significant difference in reduction trend between the two treatment groups. In contrast, the Baron index and PGA showed statistically significant differences in reduction trend between the AZA and 5-ASA groups.
Safety Table 5 shows the frequency of adverse events observed during the study and the measures adopted. During the six month follow up period, patients treated with AZA more frequently complained of mild to moderate adverse events than those taking 5-ASA (26% v 6%; p = 0.046). However, only two patients withdrew from treatment due to adverse events, all on AZA (one with fever and headache, and one with leuco-thrombocytopoenia). In five patients treated with AZA, a dose reduction was necessary, followed immediately by a return to normal, because of leucopoenia (four patients) and impaired liver function tests (one patient).
DISCUSSION
In the last decade, significant advances have been made in the therapy of inflammatory bowel disease and new treatments, such as biological therapies, are being successfully introduced. However, while many efforts have been made to improve the management of patients suffering from Crohn's disease, and randomised controlled trials are now available showing that biological agents such as infliximab are effective in inducing and maintaining remission in patients with refractory inflammatory and fistulising Crohn's disease, [36] [37] [38] [39] similar efficacy has not yet been demonstrated in UC.
Thus awaiting the imminent results of large placebo controlled trials of infliximab, the medical treatment of UC still relies on the old conventional therapies. In particular, the great medical need for improved therapy in acute and chronic active corticosteroid resistant and corticosteroid dependent UC remains unsatisfied.
The purine analogues, AZA and its active metabolite 6-MP, are secondline drugs that are increasingly and widely used by gastroenterologists in selected patients with IBD requiring frequent courses of corticosteroids. Several controlled trials and meta analyses 20 21 have established the efficacy of AZA or 6-MP in reducing the need for steroids and maintaining remission, and in treating chronic active disease, in both luminal and fistulising Crohn's disease. In contrast, there is no sound evidence that AZA is effective in the treatment of patients suffering from active UC, especially in steroid dependent and steroid refractory UC. Indeed, the efficacy of AZA treatment in active UC has been evaluated in only five controlled trials, 27-30 32 most of which were performed approximately 30 years ago, and providing equivocal or negative results. Surprisingly, no other randomised controlled trial has been performed while, after a silence of approximately 20 years, a number of open uncontrolled and retrospective studies have been published [21] [22] [23] [24] [25] [26] in the last decade, all reporting data in favour of AZA or 6-MP as an effective treatment for patients with steroid resistant and steroid dependent UC. Discrepancies among reported studies are probably related to differences in study design (controlled v open label studies), patient population and selection, definition of steroid dependence or steroid resistance, daily dosage and duration of therapy, evaluation of response to AZA, azathioprine; 5-ASA, 5-aminosalicylic acid; AST, aspartate aminotransferase; ALT, alanine aminotransferase. q, once the upper limit of normal. *p = 0.046. therapy (clinical v endoscopic outcome), and concomitant treatment with steroids and salicylates. Bearing in mind these various aspects, we performed a randomised, investigator-blind, controlled trial aimed at comparing AZA and 5-ASA in the treatment of steroid dependent UC. We evaluated the patients included, both clinically and endoscopically, prespecified the primary outcome, and used a strict definition of steroid dependence. Under these conditions, we found that AZA therapy was significantly more effective than 5-ASA in inducing clinical and endoscopic remission, and avoiding steroid requirement in this group of patients, both in the intention to treat and per protocol analyses. In particular, more than 50% of AZA treated patients had both clinical and endoscopic remission, and discontinued steroid therapy, with a therapeutic gain of approximately 35% in comparison with 5-ASA. Clinical activity showed a significant decrease in both groups from baseline to six months. In contrast, both endoscopic activity and PGA showed a significant decrease, from baseline to six months, only in AZA treated patients.
With regard to the clinical activity index, comparing the two treatment groups, no significant difference was observed between the two treatment groups after three or six months of therapy. As expected, considering that all patients were treated with systemic steroids, after three months both groups of patients had a similar decrease in clinical activity score. After six months, again, no statistically significant difference was observed between the two treatments. However, while patients treated with AZA were in clinical remission without steroids, patients treated with 5-ASA controlled their symptoms because they were taking another cycle of systemic steroids apart from the initial one. For the endoscopic index, after both three and six month of therapy, AZA was significantly more effective than 5-ASA in inducing endoscopic remission, reducing the endoscopic score to 1 or less in a significantly higher proportion of patients. These findings are very important because it is possible that AZA treated patients achieve and maintain their clinical remission without steroids because of the ability of AZA to induce healing of mucosal lesions. In contrast, patients treated with 5-ASA continue to need systemic steroids to control their symptoms because they fail to achieve endoscopic remission.
An important methodological limitation of the trial was the lack of double blinding, which could have biased the results. Thus considering that patients were aware of the treatment assigned, it is possible that those taking AZA may have believed they were being treated with a more effective drug and were therefore more likely to experience therapeutic success. Moreover, the closer supervision of the AZA patients, regularly assessed in order to monitor the potential myeloand hepatotoxicity of the treatment, could have had some effect on outcome. However, considering that AZA was administered at a weight adjusted dose of 2 mg/kg/day, performing a double blind double-dummy study would have been very difficult.
In conclusion, the results of this randomised, investigatorblind, controlled trial show that AZA is significantly more effective than 5-ASA in inducing clinical and endoscopic remission, and avoiding steroid requirement in steroid dependent UC. The therapeutic efficacy of AZA may be due to its ability to induce healing of mucosal lesions. 
Robin Spiller, Editor
A rare cause of diuretic refractory ascites
Clinical presentation
A 63 year old woman was admitted for diuretic refractory ascites. Her mother was affected by chronic renal failure due to polycystic kidney disease and she suffered from arterial hypertension. Ten months before she had presented with abdominal distension; laboratory tests showed serum creatinine 2 mg/dl, normal liver function, negative hepatitis B surface antigen, and hepatitis C virus antibody. Abdominal ultrasound revealed ascites, hepatomegaly, multiple hepatic and renal cysts, and patent portal and hepatic veins. Laparoscopy excluded cirrhosis or malignancy and upper gastrointestinal endoscopy was normal. Diuretic therapy and a low sodium/protein diet were prescribed but the abdominal distension worsened and required repeated paracenteses. At admission, the patient was confined to bed, her appetite and nutritional condition were poor; physical examination disclosed tender hepatomegaly, tense ascites, and mild lower limb oedema. Liver tests were normal, serum albumin 3.0 g/dl, creatinine 2.4 mg/dl, urea 102 mg/dl, serum electrolytes normal, creatinine clearance 18 ml/min, haemoglobin 10.8 g/dl, and platelets 190 000/mm 3 . The serum-ascites albumin gradient was 2.0 g/dl. Cytology and microbiological investigations were negative. Ascites was unresponsive to furosemide at a dose of 150 mg/day and recurred quickly after paracentesis.
Question
Abdominal magnetic resonance imaging and cavography images (fig 1) 
